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APPENDtX B - Coordinate system 

The f i t  4-6-10 geophysical d a h  are presented in Idaho State Plane Coordinates. East Zone. NAD 83. 
Control points for these surveys are provided below. Units are feet. 

46905 Harding Lawson Associaies 5 1  

155 



This page is intentionally left blank. 

156 



Appendix B 

GeoSense Report 

157 



This page is intentionally left blank. 



Surface Geophysical Surveys at INEEL Pit 9 Conducted Under 
Phase 1 of the OU 7-10 Contingency Project 

FINAL REPORT 
January, 1999 

Submitted to Parsons Inhatruetare m d  Technology, Iac. 

bY 

GeoScnsc 

Under Subcontract No. 734456-T-282lsOo2-99 
Idaho Folk, 



l n t m d w t i ~  

This report discusses results from surface geophysical surveys conducted at Pit 9, which is 
located at the Idaho National Engineering and Environmental Laboratorys (MEEL) Subsurface 
Disposal Area (SDA). The SDA is part of the INEEL Radioactive Waste Management Compkx 
and hso bem d for b u d  of radioactive and hnutdous waste since about 1960. Pit 9 contains 
w- genaated at the DOE Rocky Flats Plant and is the. focus of a thrrt-stagc waste 
mediation p p m  &ned rt mitigating potential environmental threats. Pmce~s knowledge of 
Rocky Flae Opaations indicates thmi plutonium bearing sludge waste was packaged, transported 
and buried at Pit 9 within 55 gallon steel drums. This waste. known 8s Scrics 74 sludge, is the 
primary target of planned remedial actions. The surface geophysical swveys were conducted to 
obtain a genera! understanding of the distribution of buried metallic debris for use in planning the 
Pit 9 medial program. 

Stage I of the Pit 9 remedial program calls for inSt.Uation of at kast 18 cased pFobehola into a 
selected 40 ft by 40 ft subsection of Pit 9. The probeholes will permit detailed subnuface 
mtruuTment of radioactive and chemical constituents. Surface geophysics will be used to select 
the 40 f€ by 40 ft Study Area and guide placement of the pmbeholes. Specifically, the Study Area 
will be selected in a location that has a gbophysical signature consistent with 55  gallon drum 
waste. Initially the probcholcs will be located uniformly throughout k study Area, and then 
adjustcd if necessary to prefmntially s ~ m p k  or avoid portions of the Study Ana having 
chamctcristics i n f d  from the geophysical data. The principal characteristics of interest arc 1) 
presence or absence of metal waste. and 2) presence of massive objects that could prohibit 
probebok installation. 

Rocky Flats waste mcords show that a great variety of wastc materids were buried It Pit 9. 
Thcsc mataids include BsJoiltd mctlllic debris such as the Scries 74 sludge drums, drums 
containing other types of waste. large metal obj-, and boxes contnining loose metal Waste. 
Magnetic field and elatromagnctic induction mcBSwmntS permit wurate mapping of the 
locption of metallic debris in the subsurface. These methods have been widely used in buried 
waste characterization. 

Magnetic field mapping involves measurement of disturbances of the earth's magnetic ficld 
uused by the presence of f e r n  metal objects. Moot i m  wd steel ma&xialr bc.hvc as wak 
magnets when placed in an external magnetic fEld such as thc d s  magnetic field. High 
sensitivity magnetic field detectors can measure the magnetic disturbance created by these 
objects. The magnetic disturbance falls off rapidly with distance from the object. but luge 
objects such as 55 gallon drums can be detected from distances of 10 or more feet undcr low 
noise conditions. 

Elcctromagndic induction mapping operates by creating a time varying magnetic field. which 
causes ekctric currents to flow in nearby conductive objects. The induction instrument then 
measures the secondary magnetic field aswiated with d u e  cwuib .  As with the mapetic 
method, the secondy magnetic fields fall off rapidly with distance fiom the object, but objects 
such as 55  gallon drums can be detected over nearly the same range as for magnetic field 
mapping systems. 

The yiiir. i p l  p d i ; ; l l  diffcrtnse bctvcm mngmtic firrd nnd rlrrtmrnnmetic indiiction syTcm% 
is thal magnetic field systems respond only to ferrous iron and steel, while induction systems will 
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rsspond for any strong electrical conductor such as aluminum, lead, copper de. Both methods 
pcrmit accurate mapping of the location of metal debris but. in general, povide limited 
information on the specific natum of (hc buried objects, particularly in a bcterogmeous 
environment such as a waste pit. However, specific target materials may sometimes be 
recognized based on charactaistks of the geophysical data such as the amplitude and pattern of 
thc measured signals. the comparison b e e n  di-t geophysical data sets, or through 
integration of historical information. 

A d d i t i d  wcvs  

The United States Geological Survey (USGS) and the University of Kansas conducted two 
additional gtophysical surveys at Pit 9 under the Dcparbncnt of E n q ~  (DOE) Technology 
Development Program. Both techniques arc variations of the electromagnetic induction 
technique. The United States Geological Survey operated their VTEM system, which transmits a 
pulsed Primary field and records the time prognssive decay of samdary fields associated with 
buried metd objects. The Univenity of Kansas operated a commercial ckctromagnetic induction 
instrument, which transmito variable fresuency primary fields and records secondmy fields 8s a 
function of hquency. Both systems may potentially yield information on tha depth of mclal 
targets. Results from these surveys were not available for integration with this report, but will be 
available in the near future. 

The mogn#ic and electromagnetic (EM) induction surveys discussad in this report w m  
d u c t e d  per dirrction ofthe "Work Plan for Stage I of the opmbk Unit 7-10 Contingency 
F'roject"'. Magnetic data were collected using the RGS- 10 mapping system. which employs a 
fluxgate magnetic grdiomctcr to m ~ u n  the z-component of the magnetic fAd as well as the 
vemul gradient of the z-field. The RGS-IO uses a musuring wheel to trigger dab collection as 
the sensor i s  deployed along m i g h t  tine profiles between b w n  points. The elcctromagndic 
indudion data were colleaed using the EM61 system, which uses a pulsed primary %Id and dual 
receiver coils to measure secondary fields gcnerattd in the vicinity of buried metal objects. The 
EM61 employs a mtsswing wheel system identical to the RGS-IO for position measurement 
along might line profiles. 

Data wen cdlected with each instrument over a fine grid and a coarse grid as shown in Figure I .  
The coarse grid encompasses the entire Pit 9 area except for the nonhemmost 100 feet which is 
occupied by a waste reaieval support building. Coarse grid data were colkcted along profiles 
spa& one meter apart. The fme grid cncompsrses the 40 fi by 40 A Study Area selected for 
phose I activities. Fine grid data were collected on profiles spaced one foot apart. Sheet piles 
reinforced concrete pads and steel rails wtrt recently installed i m m d i k l y  adjacent to the 
western and eastern Pit 9 boundaries. These structures created significant measurement 
interknmcc over the western and eastem margins of all the surveys. 

The coarsc and fine grid limitr were established using Pit 9 survey benchmarks to define baseline 
endpoints. Data profiles were thm collcctcd from a known baseline point to a second known 
point on a parallel baseline, with data point mcdSunment Riggered by the measuring whcels at 

' DOE-ID, 1998, Work Plan for Stage I ofthe Operable Unit 7-10 Contingency P r q W ,  U S  
Department of Energy Idaho Operations O W i  Report No DOEflD10623, Dcpartmt of 
Energy Idaho OperaWnr ophce. Idaho Falls. ID. 
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approximately six to eight inch intervals along the profile line. During data pmctssing, data point 
positions were mputed based on the known distance from baseline to baseline. Position 
accuracy is estimated as f six inches in any dimtion. 

lntaftrrncc caused by recent construction along the edges of Pit 9 resulted in approximately I O  - 
15 A wide "blind" UMCS along thc castem and westan edges of the Pit. Si- tbc wcstem blind 
zone passer through the Study Area, a prc-construction magnetic survey was q u i d  to provide 
a complete piclure of metallic waste distribution. A high resolution mngnctk survey conducted 
in 1W using a 
appmximatt coordinate systcm conversion was performed based on aligning corresponding 
magnetic field featurn capturrd by both surveys. This mversion is estimated to be accwate to 
about 2 fat, and permits the old survey to be used for interpreting the Pit margins. 

Figure I also shows the approximate location of test excsvati0ns conducted at Pit 9 in 1977. The 
report "Initial Drum Retrieval Final Repolt" documents the contents of tbese excavations'. The 
Figure 1 qmsmbtm * n of h s e  excavations was genaatcd by an approximate wordinate 
comrwsion based on a drawing in Figure 6 of Reference 3. which shows several Pit 9 boundary 
markers that wcrs assumed to be identical (or very close) to the cumnt boundary markers. 7he 
convwsion is estimated to be accurate to within about 5 - IO feet. 

Table I provides stahtics for each o f  the geophysical data sets presented in this rtport. 

Tab& I. Statit~iespbr strrplce geophysical stpwys at Pit 9. 

SYSY !mburracll- TctllAlar !&!u&!t m Q  - VwtidVmdbmmmnrcMd 

I o w ~ k u  R G S I O  2 C r m p o r m ~ 1 1 1 1 6 ;  2.7008QI 3.m 1 .I 
mo- v a m c l l ~ n v p n s l i c ( b l d  

19X1MIpltM EM61 WuadWd,uppsrndlara 30.741aqR 13,920 0.5 
hductbn EOL 

1WESlubyAmm EM61 hbadMd,uppnndbm 2,7WqR 3.990 1.5 
EMInduclp, cor* 

version of the RGS-10 wag rccovmd for this purpose*. An 

iwawtpw RGWO Z--~~QWGW, 50.74iqn 12,211 0.4 

tcomponsnl magnlt* m: 60.m rq n 4 s m  0.a 
MsHaa '* pa ? vema g m  mapencl*# 

Pit 9 neouhvsiul mats 

Map repmentations of the full Pit 9 geophysical surveys are presented in Figures 2 - 4. Figures 2 
and 3 show the 1998 magnetic and electromagnetic data sets rqaztivdy. Fig= 3 shows the 
1992 magnetic data. Data are color & by measured intensity values. Relevant cultural and 
interpretive features are overlaid and annotated for reference. Note the noise dominated "blind" 
zones in the 1998 maps and the high degree of correlation behreen the two magnetic data sets 
and. 

~~ 

Roybal, L. G.. G.S. Carpenter end N.E. Josten. 1992, "Rapid Geophysical Surveyor Find 

' McKintey, K.8. and J.D. McKinney, 1978. "Initial Drum Retrieval Final Report". EGBG Idaho 

Report". EGBG Idaho Repori No. EGG-WTD-10566, €GAG Idaho. Inc.. Maho Falb, ID. 

R e p t  No. TREE-1286, EGILG Idaho. Inc.. Idaho Falls. ID. 
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Studv Ana neoohvsical m m  

Map repmentrtions of thc Study Ara geophysical survey data arc presented in Figum 5 and 6. 
Data EUC color coded rccording to the masurd intensity values. lntetpretive fatures are 
overlaid and annotated for nfmncc. 

The following observations are made with rcftMlce to the Figure 2 - 6 geophysical maps. 
lnrapretive conclusions nrc prcmttd to addma the d objectives of the Stage 1 surface 
geophyJics pmgmm. Uncurainty associated with these conclusions is also discussed. 

Figures 2 - 4 provide information regarding thc overall distribution of metallic waste in Pit 9. 
The F i p  4 mgnalic data, which was collscbsd prim to cmstruction of the large rail structurrs 
that h k  the western and cpstern Pit margins, supplies coverage for the extensive mtcrfaence 
zones obscrved in the 1998 data. The interference, which is most peym in the magnetic data, 
effectively masks thc respwe of metallic objects buried near the caskin and western margins of 
the Pit. The following obsrvations and conclusions arc presented with reference to Figures 2 - 4: 

1. TIM 1992 and I998 magnetic data show nearly identical fartures except along the edges 
w h m  severe mterferam degmdcs the 1998 data set. S d l  diffmnces between the surveys 
arc due (0 the presence of seven1 feet of additional soil overburden in 1998, diffcrrnces 
bctwear the magnetometers utilizd in the two surveys, and slight errors aswciated with 
wnvating the data scts into a common coordinate system. For the present qualitative 
purposes. the ncovaed 1992 dpta arc judged to be My reliable. 

2. All Uvee &a rts support the intapretation of a large imgulady shaped waste "blcck' that 
appears to have a higher wncntmttion of buried m a l  than adjacent amas. This wastc block 
(shown by a n d  outline) encompasses the portions of Pit 9 that rectived large shipments of 
Rocky FIaa 55 gallon rkums bctwt#lS/68 and 8/66 based on shipping manifests. Four of 
the ten 1977 trial excavations within this waste block produced ckar cvkknce of buried 
drums. including the two largest rad soudreramost excavations (sa Figure 4 overlay). 
Based on this evidence, thc Phase 1 Study Ana location appears to be well situated to 
intcrscct buried 55 gallon drums. 

3. The northern lobe of the interpreted waste block (;.e. north of abou;eoordinate 669575N) 
has a higher likelihood of containing large or massive objects judging From the ~CIWEI 
character of the geophysical signatures. This judgment is based on the high anomaly 
amplitude and more continuous anomaly area observed in this region. However, this 
intuprctation is speculative since many factors (such as skllow burial depth and 
superposition of multiple objects) can m a t e  this anomaly character. 

4. Two locations. marked "A" and "B" in Figures 2 - 4. show the positions of prominent non- 
ferrous mdil objects. These objects may be composed of high quality stainless std, kab 
aluminum, copper or other non-magnetic metal. A careful comparison with shipping 
manifest3 may reveal the idartity of these objecfs. 

Figures 5 and 6 show detailed information regarding the distribution of metallic waste in and 
mniind the Phxe  1 %id?. ATRI. The follnrning atnmntinn- 2nd rnnchisinns VP prrcntcd with 
reference to thest Figures: 
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I .  Thc magnetic and electmnrgnetic data show a substantidly identical distributii of buried 
m d l i c  waste in and around the Study Area. The. metal waste content may be subdivided 
into four waste blocks as indicated by the red lines in F i p e s  4 and 5. ‘Ihese blocks werc 
inmprctd b a d  on chenges in geophysical signatwe and may contain mataials 
diffmtiated from each o h  by their physical chanctn, date of disposal, or the psmce of 
intervening fill malnial. Any of thcse scenarios is consistent with the dumping of waste in 
distinct bat&. 

2. Block I waste is pat? of a larger waste Mock that occupies much of the southeast portion of 
Pit 9. The soulhcmmost 1977 excavation acumd within this waste block. At I w t  four of 
the planned probehole loclltions will sample Block I .  

3. ntC Block 2 waste boundary was dnm based on the 1992 magnetic data (Figum 4) since 
interfmnce effects obscure the 1998 datarets in this portion of the Study Arm. The 1992 
magnctic data suggest that waste in thii block was buried in an orderly row extending along 
the Pit 9 margin for about IO0 feet beginning ~ e s r  thc southwest comer of the Study A m .  
At least three of the plaaned probehole locations will sampk Block 2. 

4. Block 3 waste suggests an isolated uta of fmous metal debris flanked on two sides by arcas 
containing minimal mctatlic waste (marked as “A” and “B“ in Figures 4 and 5). This block 
is not othawise clearly diJlinguishable from Blocks 1 and 2. Two of the plrancd probchdes 
will sampk ncac the margins of Block 3, but should be shifted slightiy to immase the 
probability of intersecting the mctal waste. 

5.  B M  4 displays e low amplitude sipahrre in both the magnetic md electromagnetic data 
sets, spanning a n m w  line between Blocks 1 d 2. Thii waste bhxk is interpreted to 
contain a relatively small amount of metal debris and is distinguihble only because it 
occurs withm OIK of the large uwm having very little metallic dcbis (sac marker “A” in 
Figures 4 and 5). The planned probeboles sample only the perimeter of thc interpnud 
block. 

6. None of the indicated buried metallic objects within the Study Area stands out as bcmg 
uniquely large or massive based on geophysical character. The highest intensity anomalies 
in Figum 4 and 5 occur just south of the southeast comer of the Study Area. 

Conclusions 

Surface geophysical data show that the Phase 1 Study Area is located in a region consistent with 
the presence of Rocky Flats drum waste. The goophysical data give no c l w  evidence for the 
presence of uniquely luge or massive metal objczts within che Study Arcs. Thc planned 
probehole pMan will uniformb m p k  the Study A m  subsurfaa, either intersecting or passing 
marby each of four interpreted waste blocks. The exact physical significance of the interpvtsd 
waste blocks is highly conjectural but, in the absence of mwc substantive information, provides a 
basis fcx obtaining potentially diverse subsurface umpks. Direct informalion provided by the 
Phase I probehole activities may be useful For “calibrating“ Ihe geophysical data, which can then 
be used more definitively for choosing a Phase 2 excavation site. 
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A p p ~ ~ d i x  A - Coordi..tc SY&JIES 

Appendix A provides a brief discussion of the coordinate system utilized for presenting the pit 9 
surface geophysical data. 

DJEEL RWMC Site SDecific Coordinntes 

The reference coordinate system for Le Pit 9 project is the MEEL RWMC Site Specific 
Coordinate Systeol (IRSSCS). The tRSSCS utilizes a non-s&ndard COordmatC projection that 
provides B high degree of accuracy at the NEEL RWMC. T~IC IRSSCS p j d o n  puametas 
w a e  not readily obtainable at the time this repon, but may be requescad directly from the INEEL. 

Pit 9 and Phase 1 Study Area comer points w m  established and flagged prior to initiating the 
geophysical surveys. Table A- 1 gives the IRSSCS coordinates for thw reference pomb. The 
geophysical suryeys wae L.id out relative to these reference points. Conscqumtly, all data 
plescnted m h i s  rcpat confonn to thc IRSSCS system. 

TaMe A-1. Pit 9 re&rence poinl coordinates in the INEEL RWMC Site Spec@ Coordinate 
SYJtem 

kBa 
I 
21 

k 
41  
h 
6 

7 
8 
9 

I O  

I 1  

12 
13 
15 

m c m i  
wm.30 
bb!w7 42 
669449.u) 
-36.97 
669474.99 

669411.38 

669110% 
669s23.43 

669517.M 
669784.21) 
66937930 
670066.60 

66w42.15 
6H654.31 

Coordinate conversion$ 

Coordinate conversions were performed in order to compare the 1977 Pit 9 trial excavations and 
the 1992 Pit 9 magnetic f d d  with the newly wlleclcd data. To make these eonversions it was 
first necessary to identify common points between the old data sds and the IRSSCS system. Pit 9 
comer marks were used to reference the 1977 excavation data. Prominent magnetic field peaks 
were used to reference the 1992 magnetic survey data. The m m o n  points provided a basis to 
develop rotation, translation and scale factors to approximately CWWR the older data sets into the 
IRSSCS system. 

The 1977 excavation data conversion is inexact because it was based on a sketch drawing of the 
excavation sites. Any position mors contained in the initial drawing are preserved in the 
converted data set. 
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